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Rezumat
Articolul prezintă rezultatele cercetării bacterioplanctonului efectuate în anii 2018-2020. 
Probele microbiologice au fost colectate la 11 stații de monitorizare a fluviului Nistru 
pe teritoriul Republicii Moldova. Au fost analizați parametrii calitativi și cantitativi 
ai bacterioplanctonului prin prisma rețelei trofice planctonice. Dinamica sezonieră a 
abundenței comunităților bacteriene este prezentată în paralel cu dinamica unor parametri 
hidrochimici: temperatura apei, conținutul oxigenului dizolvat și consumul biochimic de 
oxigen (CBO5). Dinamica spațială a microorganismelor saprofite pe profilul longitudinal 
al Nistrului a fost analizată prin valorile-limită ale claselor de calitate a apei pentru 
indicatorul Nsapr (numărul microorganismelor saprofite).
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Introduction
The composition of bacterial communities and the dynamics of microbiological 

synthesis process in a water body are closely related to environmental factors of the 
habitat, such as water temperature, gas regime, concentration of biogenic elements 
and organic substances, as well as the presence of toxicants. Organic matter in 
water bodies has a dual origin. Part of it (allochthonous) enters the water body with 
stormwater runoff from adjacent territories and wastewater discharge. The other part 
(autochthonous) is formed in the water body itself as a result of synthesis of biomass 
by aquatic phototrophs and chemoautotrophs. The dynamic balance of organic matter 
between water and sediment determines the physiological activity of bacterioplankton.

Aquatic microorganisms are capable of decomposing (mineralizing) organic 
matter of natural origin (cellulose, chitin, lignin, humus, phenols, etc.), as well as man-
made xenobiotics (mineral fertilizers, pesticides, detergents, household and industrial 
chemicals, pharmaceuticals, personal care products, food additives, flame retardants, 
etc.). The list of new chemical compounds (called emergent substances) in water bodies 
is constantly growing. As result of chemical surface water pollution, specific groups of 
microorganisms, which are not characteristic for natural ecosystems, appear. In order 
to assess the role of microorganisms in the processes of mineralization of organic 
matter, cycle of biogenic elements and detoxification of xenobiotics, it is necessary 
to have sufficient data on the qualitative and quantitative composition of microbial 
communities and their functional activity in the aquatic habitat.

The Dniester River is the most important source of natural water in the Republic of 
Moldova with a length of 652 km and an average volume of runoff of about 10 km3/year. 
The basin river network is represented by 1591 rivers (of which only 6 reach a length of 
100 km or more - Raut, Bic, Botna, Cainari, Cubolta and Ichel), 51 reservoirs and about 
1700 ponds [2]. The Dubossary Reservoir, located at a distance of 351 km from the 
Dniester Estuary, is the largest artificial accumulation lake on the territory of Moldova.

The aim of this study was to analyze the seasonal and spatial dynamics of 
bacterioplankton in the Moldovan part of the Dniester River in parallel to the main 
physico-chemical parameters of water quality (Table 1). It is known that the indicator 
parameters of bacterioplankton are not included in the group of quality elements of 
surface water bodies in the Water Framework Directive (WFD) classification system. 
However, some countries, including the Republic of Moldova, at the level of their 
national regulations take into account the quantitative parameters of bacterioplankton 
for assessing the water quality class of surface water body [3].

Table 1. Limit values of some parameters used in the Republic of Moldova 
for the classification of surface water bodies

Quality elements
Water Quality / Water Quality Class

High Good Moderate Poor Bad
I II III IV V

Physico-chemical parameters
Hydrogen concentration, pH units 6.5- 8.5 6.5- 9.0 6.5- 9.0 6.5- 9.0 <6.5 or >9.0
Dissolved oxygen, mg/L > 8 > 7 > 5.5 > 4 < 4
Dissolved oxygen, % of saturation > 90 > 80 > 60 > 40 < 40
Biochemical oxygen demand, mg/L 3 5 6 7 > 7
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Hydrobiological parameters
Ntot, million cells/mL 1.0 2.0 5.0 7.5 >7.5
Nsapr (22°C), thousand cells/mL 0.5 2.5 5.0 7.5 10

Materials and methods
Water samples were collected in the vegetation period (spring-summer-autumn) 

of 2018-2020. Sampling was carried out at 11 stations: upstream of the Dubossary 
Reservoir (3), in the Dubossary Reservoir (4) and at 4 stations in the lower sector of 
the Moldovan part of the Dniester River (Fig. 1). Due to the epidemiological situation 
caused by the COVID-19 pandemic and the introduction of quarantine restrictions for 
entering Transnistria, all samples in 2020 were taken on the right bank of the Dubossary 
Reservoir and the Dniester River.

Figure 1. Scheme of the Dniester River with the location of sampling stations

Sampling of bacterioplankton was carried out directly in sterile bottles of 500 mL 
from the near-surface layer of water (0.25 m depth). Simultaneously with the collection 
of microbiological samples, hydrochemical samples were taken. Water temperature and 
pH were measured “in situ” with the portable digital potentiometer Consort C5030. 
Dissolved oxygen was fixed “in situ” and determined by the Winkler method [5] in 
the laboratory. Biochemical oxygen demand (BOD5) was determined according to the 
national standard SM SR EN 1899-2:2007 [3].

Microbiological analysis was performed in accordance with the unified methods 
used in hydrobiological practice [6, 9, 15]. Total number of bacteria (Ntot) was 
determined at the cellular level by using the Razumov’s ultrafiltration method [7, 14]. 
This is a method of direct counting (under a microscope) of bacteria filtered through 
a membrane filter, fixed in formalin vapor and stained with 5% erythrosine solution.

The number of saprophytic microorganisms (Nsapr) was determined at the 
colony level by pour-plate method: 1 mL of water sample (or its decimal dilutions) was 
incorporated into sterile Petri dishes followed by pouring with meat-peptone agar [7, 
16]. The use of nutrient media of different composition makes possible the isolation of 
certain physiological groups of bacterioplankton.
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Results and discussion
The functional role of microorganisms in aquatic ecosystems is twofold: 1) in the 

process of biogeochemical circulation of substances, bacteria are the last link, carrying 
out the decomposition of organic and inorganic compounds; 2) in the trophic food 
networks, Bacteria and Protozoa are the first link. The classic linear grazer food chain 
in aquatic habitats is: Phytoplankton → Zooplankton → Fish (Fig. 2). However, this 
food chain cannot function in isolation from the microbial food web [13], the main 
component of which is heterotrophic bacterioplankton.

Figure 2. The place of riverine plankton in trophodynamics of aquatic ecosystems

The number of heterotrophic prokaryotes in planktonic communities is greatly 
influenced by both physico-chemical processes occurring in aquatic ecosystems 
(temperature and oxygen variations, sedimentation, photooxidation) and various types 
of competition with other representatives of aquatic biota: with eukaryotic autotrophs 
for nutrients, with phagotrophs (omnivorous protists) for organic carbon [13]. On the 
other hand, the abundance of bacterioplankton is regulated through their “grazing” by 
bacteriophages (flagellates, rotifers and some cladocerans). In addition, it has been 
established (Suttle, 2007; Weinbauer, 2004) that viruses are a persistent, most abundant 
and dynamic component of aquatic biota. The viral lysis of bacterial cells also has a 
significant effect on the abundance of bacterioplankton in the water bodies. 

The main factors that determine the structure of biotic communities in lotic 
ecosystems are the climatic conditions of the ecoregion and the hydrological regime of 
watercourse. The natural hydrological regime of the Dniester River was characterized 
by spring floods caused by melting snow in the Carpathians and flash floods in May 
– June. Low waters were registered in the end of summer, as well as in autumn and 
winter periods. Climate change, now a reality, under the conditions of the Republic 
of Moldova provoke hydrological droughts not just in August, but already in spring. 
The expertise of water resources, carried out in 2018 within the framework of GEF 
project [7], concluded: «… climate change may lead to the fact that surface waters 
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of Moldova can be reduced by 16 – 20 %». After the regulation of the Dniester River 
by the construction of the Dubossary dam, and then the commissioning of the Novo-
Dnestrovsс hydropower complex on the territory of Ukraine, which consist of two 
hydropower plants (HPP-1, HPP-2) and a pumped storage power plant PSPP, the 
hydrological regime of the river ceased to be natural, with all the ensuing consequences. 
Flow regulation and climate change are not the sole factors that affect the state of biotic 
communities in the river ecosystem. There is also industrial and domestic pollution, the 
exploitation of floodplain zones, the destruction of natural biotopes as a result of sand and 
gravel extraction. The adaptive potential of microbiological communities allows them to 
survive in highly modified aquatic ecosystems due to their ability to assimilate nutrients 
from various sources and quickly switch their metabolism to an available substrate.

There are three sections of the Dniester River on the territory of the Republic of 
Moldova with different hydrological characteristics (Fig. 3): upstream of Dubossary 
Reservoir (stations Naslavcea, Valcinet, Soroca), Dubossary Reservoir itself (Camenca, 
Hirjau, Goian, Cocieri) and the Lower Dniester (Vadul lui Voda, Varnita, Sucleia, Palanca).

Figure 3. Dniester River at sampling points Naslavcea, Camenca and Varnita,
right bank of the river (photos by Oksana Munjiu)

Biotic complexes of each section of the river have certain peculiarities. The most 
unfavorable conditions for the functioning of the river ecosystem are at the Naslavcea 
station. Site is located on the border of Ukraine and Moldova, on the right bank of 
the Dniester River (N48°29’22”/E27°34’54”). In this station, the Dniester is a rapid-
flowing watercourse with a rocky (partly sandy) bottom without silt deposits. Along 
the coastline up to the Valcinet station, development of submerged macrophytes is 
observed (Potamogeton, Ceratophyllum, Miriophyllum, Polygonum). The specificity 
of this section of the river is that water comes after HPP-2, but before that, it was taken 
from the lower horizons of the Dniester reservoir (from a depth of 27- 43 meters) to 
HPP-1, and then circulated between the buffer reservoir and the PSPP with its upper 
reservoir for rotation turbines. Among consequences of using the Dniester water for 
generation of electricity are: daily fluctuations in water level, especially destructive 
to hydrobionts in shallow water areas, thermal pollution, destruction of the natural 
hydrological and oxygen regimes, destruction of the biota natural habitat.

Thermal pollution of the Dniester River downstream of the Novo-Dnestrovsc 
hydropower complex is characterized by the following [1, 12]: at the Naslavcea-Soroca 
section, the water temperature in the spring is lower than that natural for the given 
geographic zone with 4 - 8 (°C), and in the summer – with 10 - 15 (°C) (Fig. 4).
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Figure 4. Seasonal dynamics of water temperature in the Dniester River [1]
During the period under consideration (vegetation seasons 2018-2020), the 

range of variation of the main physico-chemical parameters at station Naslavcea was 
as follows: water temperature 3.2 - 19.6 (°C), saturation of oxygen 42.6 - 97.2 (%), 
hydrogen concentration 7.7 - 8.9 (pH units), biochemical oxygen demand 0.7 - 2.0 
(mgО2/L). Bacterioplankton parameters varied within range: 0.40 - 1.90 (Ntot, million 
cells/mL) and 0.33 - 7.20 (Nsapr, thousand cells/mL). Thus, at the Naslavcea station, 
water quality class (WQC), based on bacterioplankton parameters, ranged from I to 
III. Combined with hydrochemical parameters, water quality of this site is as follows:

Naslavcea: Ntot Nsapr pH O2, % BOD5
WQC I - II I - III I I - IV I

From the presented data, it can be concluded that for the survival of hydrobionts in 
this section of the river, the oxygen deficiency (for example, August 2019 - 42.6 %) may 
be a limiting factor. Gulyaeva O. (2016), who studied the oxygen regime of the Dniester 
Reservoir, stated that “the reserves of dissolved oxygen accumulated in the winter-
spring period in the hypolimnetic zone (at a depth of 5 - 10 m) of the Dniester Reservoir 
are gradually ending, and by the end of summer, they can disappear completely” [11]. 
Only due to the turbulence of the flow in the upper reservoir of the PSPP and aeration of 
water when discharged from HPP-2, oxygen saturation is restored. But as shown above, 
this is not enough in the summer (WQC is IV).

For the “water temperature” parameter, the WQC threshold values are not clearly 
regulated, since it is very dependent on the hydrological regime of the river, weather 
conditions and the latitude of the area. But the influence of this parameter can be 
assessed through comparison with other elements of the ecosystem quality, which 
directly or indirectly depend on the water temperature (pH, gas solubility, intensity 
of metabolic processes, etc.). Figures 5 - 8 demonstrate fluctuations in the number 
of bacterioplankton (Ntot) at Naslavcea station (April, June and October of 2018; 
May, August and October of 2019 and 2020) in comparison with the values of water 
temperature, oxygen saturation and BOD5.

Figure 5. Seasonal dynamics of Ntot at Naslavcea station
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Figure 6. Seasonal dynamics of water temperature at Naslavcea station

Figure 7. Seasonal dynamics of oxygen saturation at Naslavcea station

Figure 8. Seasonal dynamics of BOD5 at Naslavcea station

Even without calculating the correlation coefficients, it can be seen that the 
seasonal dynamics of the total number of bacteria has a tendency similar to the 
dynamics of dissolved oxygen, as well as to the tendency of the BOD5. As for the 
first correlation, it is associated with the fact that bacterioplankton samples were taken 
from the surface water layer (25 cm) where aerobic microorganisms (aerophiles) 
predominate. Correlation with BOD5 follows from the concept of this parameter: 
the main component of river bacterioplankton is heterotrophic microorganisms, and 
the conditions and period of incubation (5 days) provide for the determination only 
carbonaceous stage of biochemical oxygen demand - before the start of nitrification.  
It is possible to explain (seemingly illogical at first view) the inverse correlation with 
water temperature. At low spring water temperatures, the development of bacterial 
communities is not limited “top-down”, since the significant development of consumers 
of bacteria occurs under more favorable temperature conditions. Regarding the “top-
down” limitation of bacterioplankton in the river sections downstream of the HPP-2, 
it should be noted: the production of zooplankton on the Naslavcea-Camenca section 
varied in the limits of 0.03 - 1.63 mg/m3, and only in the Dubossary Reservoir (Hirjau 
station) it reached 5.18 mg/m3 [10].

Microbial communities are the most operative indicator of the ecological state of 
a water body in the “here and now” format due to the very short reproduction time 
(hours). The dynamics of these communities is regulated by two main factors: resources 
(substrates,  nutrients) and consumers. The role of the first factor is “bottom-up” control, 
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the role of the second is “top-down” control. The results of this regulation are presented 
in Figure 9 at the example of two autumn months of 2020.

Figure 9. Spatial distribution of heterotrophic bacterioplankton
in the Dniester River in autumn 2020 (A - September, B - October)

Physico-chemical parameters of the Dniester water, in which bacterioplankton 
functioned during this period, are presented in Table 2.
Table 2. Values of physico-chemical parameters (min - max) in the Dniester River (2020)
Parameters: T, °C pH O2, mg/L O2, % BOD5, mgO2/L
September 19.6 - 24.9 7.84 - 8.16 5.52 - 8.61 63.9 - 96.3 1.05- 2.64
October 13.0 - 17.3 7.37 - 8.35 5.35- 8.89 54.2 - 84.7 0.31 - 1.99

Analyzing the presented data, it can be seen that the most stable parameter is the 
pH value; the decrease in water temperature was of 6 - 7 (°C), which under natural 
conditions would have contribute to an increase in the oxygen saturation of water, but 
this did not happen; the lower value of the BOD5 range decreased by 70 % in October, 
and the upper value – by 25 %.  The abundance of heterotrophic bacterioplankton 
varied in the range of 1.47 - 7.58 (thousand cells/mL) in September and 1.18 - 10.24 
(thousand cells/mL) – in October. Water quality class of the Dniester River, assessed 
based on the number of saprophytic bacteria, changed correspondingly Table 3.
Table 3. WQC [3] of the Dniester River monitoring sites assessed based on the number of 

saprophytic bacteria
Station Nasl. Valc. Sor. Cam. Hirjau Goian Coc. V.luiV. Varn. Pal.
WQC, Sept II III IV II II II IV II IV IV
WQC, Oct II II III II IV III IV IV V II

According to Nsapr parameter, the Naslavcea station stably “holds” the II class of 
water quality (good quality). From the point of view of the aquatic ecosystem trophicity, 
range of values 0.6 – 3.0 (thousand cells/mL) correspond to the category “mesotrophic” 
[16]. Considering that the microbial food network of oligo- and mesotrophic water 
bodies is controlled “bottom-up” (by the presence of available substrates and nutrients), 
it should be stated that the food resources of autochthonous bacterioplankton at 
this station are limited even in autumn. This means that there will be a deficiency 
of food resources at the next levels of the plankton food web: bacterivorous protists 
→ omnivorous protists → carnivorous zooplankton. The discharge of allochthonous 
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bacterial mass into the river with wastewater (stations Soroсa and Varnita) does not 
increase the abundance of riverine bacterioplankton for a long time, since this microflora 
dies quickly. At Camenca station, the trophicity category of the Dniester River by the 
number of saprophytic bacteria decreases to “oligo-mesotrophic” again.

Conclusions
The results of the scientific monitoring of the Dniester River in the vegetation seasons 

of 2018-2020, as well as the analysis of data from the Laboratory of Hydrobiology and 
Ecotoxicology of previous years [1, 10, 12] allows to conclude that the plankton food 
web of the Dniester ecosystem in the area downstream of the HPP-1 is directly affected 
by the Dniester hydropower complex, which manifested in a deficiency of the substrate 
for each component of this network: heterotrophic bacterioplankton, bacterivorous 
protists, carnivorous protists and zooplankton. The deep-water layers of the Dniester 
Reservoir are unproductive, since organic matter and biogenic elements remain in the 
upper photic layer of water. The development of microbial communities in these layers 
is limited not only by the temperature regime, but primarily by the deficiency of the 
substrate: BOD5< 0.4 mgO2/L is a critical oligotrophycity. The recovery of downstream 
riverine bacterioplankton occurs due to the left-bank tributaries of the Dniester River, 
and then - to the Dubossary Reservoir.

Assessment of the water quality class (WQC) based on bacterioplankton parameters 
allows predicting how efficiently the process of biochemical self-purification of the 
water body will proceed at a given moment in a given biotope.

The data obtained confirm the presence of thermal pollution and seasonal oxygen 
deficiency in the river downstream of the Dniester hydropower complex.
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